A systematic literature search identified studies validating the methodology used for measuring the usual dietary intake in infants, children and adolescents. The quality of each validation study selected was assessed using a European micronutrient Recommendations Aligned-developed scoring system. The validation studies were categorised according to whether the study used a reference method that reflected short-term intake (, 7 d), long-term intake ($7 d) or used biomarkers. A correlation coefficient for each nutrient was calculated from the mean of the correlation coefficients from each study weighted by the quality of the study. Thirty-two articles were included in the present review: validation studies from infants (1-23 months); child preschool (2-5 years); children (6-12 years); adolescents (13-18 years). Validation of FFQ studies in infants and preschool children using a reference method that reflected short-term intake showed good correlations for niacin, thiamin, vitamins B 6 , D, C, E, riboflavin, Ca, K, Mg, Fe and Zn (with correlations ranging from 0·55 for vitamin E to 0·69 for niacin).Regarding the reference method reflecting short-term intake in children and adolescents, good correlations were seen only for vitamin C (r 0·61) and Ca (r 0·51). Using serum levels of micronutrient demonstrated that the 3 d weighed dietary records was superior to the FFQ as a tool to validate micronutrient intakes. Including supplement users generally improved the correlations between micronutrient intakes estimated by any of the dietary intake methods and respective biochemical indices.
Growth in children from birth through adolescence is an extremely complex process. It is influenced not only by the genetic make-up of the individual but also by environmental factors, medical illnesses and nutritional status (1) . Dietary assessments among infants and preschool children are complicated by the facts that dietary habits change rapidly in infancy, parents may share the responsibility for the child with other adults, e.g. in day-care, and finally not all food served to the infants are consumed, resulting in their disposal (2) .
In the school age years, children experience enormous cognitive, emotional and social growth and development. Children transition from consuming most food intake under adult control and supervision to taking increasing responsibility for their food choices. The cognitive abilities required to self-report food intake include an adequately developed concept of time, a good memory and attention span and knowledge of the names of food (3, 4) . The need for adult assistance in dietary reporting is also driven by the limited scope of the child's experience and knowledge of food preparation (5) .
During adolescence, children undergo profound biological, emotional, social and cognitive changes to reach adult maturity. Adolescents' need for energy and all nutrients significantly increases to support the rapid rate of growth and development. Moreover, although appetite and food intake tend to increase, psychosocial characteristics often lead to the development of high-risk nutritional behaviours such as excessive dieting, adoption of fad diets or excessive alcohol consumption. The high prevalence of overweight and obesity, eating disorders, adolescent pregnancy and the lack of consumption of five fruits and vegetables a day constitute some of the nutritional challenges facing adolescents (6) .
Research conducted as part of the European Commission's European micronutrient Recommendations Aligned Network of Excellence (7) has focused on extensive literature reviews addressing the validation of methods used to assess intake of micronutrients, n-3 fatty acids and of special population groups, including pregnant women, infants, children, adolescents and elderly people. In this review, studies validating dietary methods for assessing micronutrient intake in infants, children and adolescents are presented.
Material and methods
The research question applied to the systematic review was 'which dietary methods are reliable for the assessment of micronutrient intake in infants, children and adolescents?' The main stages of the review are illustrated in Fig. 1 . The review included English, Spanish, French, Italian, Portuguese and German articles, without limits on time frame or country published before April 2008. Stage 1 of the review involved searching for publications using electronic databases (MED-LINE and EMBASE). The MeSH terms used in the general search were: nutritional assessment, diet, nutritional status, dietary intake, food intake, validity, validation study, reproducibility, replication study, correlation coefficient and correlation study in the title and abstract. As a second specific search, the following words were included: infants (1 -23 months), preschool child (2 -5 years), children (6 -12 years) , adolescents (13-18 years) , 'dietary assessment', 'dietary intake', 'nutrition assessment', 'diet quality', reliability, reproducibility, validit* and correlate* as free text in the title and abstract. Additional publications were identified from references published in the original papers. At stage 2 of the review, the titles and abstracts were analysed by two independent reviewers and the exclusion criteria were applied (Table 1) . At stage 3, studies that fulfilled the inclusion criteria were analysed for relevance to the research question.
The selected studies were then classified into three different types according to the reference method applied in the validation studies: (1) reference method assessing intake of ,7 d (including 24 h dietary recall (24HR), estimated dietary records (EDR) and weighed dietary records (WDR)), classified as reflecting short-term intake; (2) reference method assessing intake of $7 d, reflecting more long-term intake; (3) reference method that employed the use of a biomarker (BM). Furthermore, the different studies included in this review were scored according to a quality score system developed by European micronutrient Recommendations Aligned. The studies were rated according to the sample size, the statistics used to validate the method, the procedure of data collection, the consideration or not of seasonality and the inclusion or not of vitamin supplement use. (For details see the article in this supplement 'Evaluating the quality of dietary intake validation studies'). A total score was calculated according to the mean of the correlation coefficients weighted by the quality score of the validation study. It was considered a poor method for assessing specific nutrient intake when the correlation between methods was ,0·30. Methods whose correlations were between 0·30 and 0·50 were regarded as acceptable for assessing nutrient intake. Good methods were those whose correlations were between 0·51 and 0·70, and finally, when the correlation was .0·70 the method was considered very good.
Results
A total of thirty-two publications (2,8 -39) were selected for inclusion, with information on each validation study, ordered by publication year, summarised in Table 2 . Fifteen of the publications showed results from European countries (Norway, Greece, Belgium, Italy, Denmark, United Kingdom and Finland), fifteen from American countries (United States of America, Brazil and Canada), one study from Australia and one study from New Zealand. The number of participants varied from 17 to 741 in the selected studies. In eight of the studies presented (11,13 -16,26,34,36) , only one type of micronutrient was analysed, while in the rest of the publications included in this review, correlations for a wide variety of micronutrients were observed, and a total of twenty micronutrients were analysed. Tables 3 and 4 show information on the correlation between methods and other statistics in the validation studies in infants, children and adolescents for twelve vitamins and eight minerals, respectively.
Infants
This group included infants aged 1-23 months. Of the thirtytwo articles included in the present review, seven showed data on the validation of methods used to assess micronutrient intake in infants (2, 8, 9, 17, 21, 22, 24) . Evaluating the quality of these validation studies resulted in quality scores ranging from 2·5 to 5. All the studies evaluated micronutrient intake in infants using a FFQ, and only one article applied four 24HR as an additional dietary assessment method (22) . Different FFQ were validated for which wide variations in intake, biochemical markers and anthropometric measurements. 4. Articles establishing associations between food consumption, nutrient intake, biological variables, biochemical markers and anthropometric measurements. 5. Studies relating diseases to food consumption or nutrient intake. 6 . Intervention studies and other therapeutic studies with nutrients or drugs related to the metabolism of these nutrients. 7 . Calibration studies and those discussing statistical methods. 8 . Studies evaluating the physiological effects of foods, nutrients and in relation to their genetic determinants. 9. Studies in animals. 10 . Studies written in other languages than English, Spanish, French, Italian, Portuguese and German and those without abstract. (25) USA ( SW, semi-weighed method; DH, diet history; PFD, pre-coded food diary; IIC, intra-class correlation coefficients. Mean values were significantly different: *P, 0·05; **P,0·01; *** P,0·001.
the number of food items were observed (7 -191 items) . In addition, five studies were classified into group 1 with a reference method that reflected short-term intake, in which one applied 24 h recalls (24) , three used WDR (8, 9, 21) and one applied EDR (17) . Likewise, another study was classified into group 2, where the reference method reflected long-term intake; this study used WDR as the reference method (2) . Finally, two studies utilised BM as the reference method (17, 22) , of which one (17) presented validation of more than one instrument. The number of repeated 24 h recalls ranged from 3 to 4 d of administration. Dietary records varying in the number of recording days (from 3 to 7 d) were used as the reference method in a total of five studies.
Comparison of different dietary assessment methods in infants by vitamins and minerals is presented in Fig. 2 . This figure shows that WDR used as the reference method for evaluating FFQ presented better correlations for several micronutrients than the other methods in this population , FFQ v. 24 HR (one study (24) ); , FFQ v. WDR (four studies (2, 8, 9, 21) ); , FFQ v. EDR (one study (17) ); , FFQ v. BM (one study (22) ). (b) Preschool children (three or more studies: not for any micronutrient).
, FFQ v. 24 HR (three studies (24, 34, 37) ); , FFQ v. WDR (two studies (18, 19, 21) ); , FFQ v. BM (one study (22) ); , 24 HR v. DH (one study (39) ).
group. However, we must emphasise that this result is probably due to the fact that 57 % of the studies analysed in this group used WDR as the reference method. Table 5 presents the classification of the dietary methods utilised for studies in infants according to the mean of the correlation coefficients for each micronutrient weighted by the quality of different validation studies included in this review. Methods analysed met the criteria of having at least three studies, thus providing sufficient data to conduct quantitative estimates for each micronutrient (40) . Vitamin D and vitamin E intake analysed using FFQ v. WDR showed acceptable correlations. Comparing these methods, we observed that vitamin C, thiamin, riboflavin, Ca and Fe presented a good correlation. Additionally, when FFQ were validated considering WDR and EDR as the reference methods, only Ca's correlation increased slightly. The correlation for Fe was not modified, and for the rest of the micronutrients, there was insufficient data to conduct an analysis. (Table 5 )
Preschool children
For this review, the preschool children group included children aged 2 -5 years. Of the thirty-two articles included in the present review, ten showed data on the validation of methods used to assess micronutrient intake in preschool children (10, 15, 18, 21, 22, 24, 26, 34, 37, 39) . Eight different FFQ had been validated (15, 18, 21, 22, 24, 26, 34, 37) , and a 24 h recall had been validated in two studies (10, 39) . Some articles presented validation of more than one instrument, of which one study also validated 24 h recalls (22) , and another study validated a food checklist and a semi-weighed method (10) . After evaluating the quality of these validation studies, the quality scores obtained ranged from 2·5 to 5. Different FFQ were validated for which wide variations in the number of food items were observed (7 -125 items). Eight studies were classified into group 1 with a reference method that reflected short-term intake, in which two used WDR (10, 21) , another two applied EDR (15, 26) , three used 24 h recalls (24, 34, 38) and one applied a DH (39) . Likewise, one study was classified into group 2, where the reference method reflected long-term intake, in which WDR were applied (18) . Finally, one study utilised BM as the reference method, which presented validation of more than one instrument (22) . The number of repeated 24 h recalls ranged from 3 to 4 d of administration. Dietary records varying in the number of recording days (from 3 to 7 d) were used as the reference method in a total of four studies.
Comparison of different dietary assessment methods for vitamin and mineral intake in preschool children is presented in Fig. 2 . This figure shows that there were not enough studies to conduct a comparison per micronutrient, as the minimum criterion of three studies per intake assessment method was not met. Moreover, when FFQ were validated applying WDR and EDR as the reference methods, only the correlation for Ca presented acceptable values (r 0·50; Table 5 and Fig. 3 ) . Fig. 4 only shows FFQ validation studies that assessed micronutrient intake in infants and preschool children, using a short-term (8, 9, 15, 17, 21, 24, 26, 34, 37) or a long-term (2, 18) dietary assessment instrument or BM as a reference method (17, 22) . In regards to the reference method that reflected short-term intake, good correlations were observed for niacin, thiamin, vitamins B 6 , D, C, E, riboflavin, Ca, K, Mg, Fe, and Zn. However, when the reference method used reflected long-term intake, good correlations were observed only for riboflavin and Fe. Additionally, when BM were used as the reference method, a good correlation was observed only for vitamin C. None of the micronutrients analysed showed correlations higher than 0·7 using a short-term or a long-term dietary assessment instrument or BM as the reference method. However, results presented in FFQ validation studies using short-term or long-term dietary instruments or BM as the reference methods based on correlations from only one or two studies should be viewed with caution ( Fig. 4) . To conduct micronutrient comparisons, there should be at least three or more studies to ensure the robustness of the results obtained.
Children
This group included children aged 6-12 years. Of the thirtytwo articles included in the present review, seventeen showed data on validation of methods used to assess micronutrient intake in children (10 -14,16,23,25,26,29 -32,35,36, 38,39) . After evaluating the quality of these studies, the quality scores obtained ranged from 2·5 to 5. Eleven different FFQ (11,13,14,16,23,25,26,30 -32,35,38) had been validated, and 24 h recalls had been validated in three studies (10, 36, 39) . Different FFQ were validated for which wide variations in the number of food items were observed (10-175 items). Of these, it is worth pointing out the Youth/Adolescent Questionnaire (YAQ) (29) that is a self-administered FFQ specifically designed for children aged 9-18 years. Another validated dietary method analysed included 4 d pre-coded food diaries (12) . The pre-coded food diary is scanable and is developed to simplify the work of the respondents as well as of the researcher. Some articles presented validation of more than one instrument, of which one study also validated a food checklist and a semi-weighed method (10) , and another study correlated data from WDR (23) . Eleven studies were classified into group 1 with a reference method that reflected short-term intake, in which six studies used 24HR (11, 13, 14, 25, 29, 30) , two applied WDR (10, 12) , only one study used EDR (26) , one applied a DH (39) and another study observed intakes (36) . Likewise, five other studies were classified into group 3, where the reference method reflected long-term intake, two studies used WDR (16, 23) , two applied EDR (31, 32) and only one study utilised 24 h recalls (38) as the reference method. Finally, one study was validated using , FFQ v. EDR (three studies (26, 31, 36) ); , FFQ v. WDR (two studies (16, 23) ); , FFQ v. BM (one study (35) ); , 24 HR v. DH (one study (39) ); , YAQ v. 24 HR (one study (29) ); , FFQ v. 24 HR (five studies (11, 13, 16, 25, 38) ). (b) Adolescents (three or more studies: calcium: three studies FFQ v. 24 HR; three studies FFQ v. WDR).
, FFQ v. 24 HR (three studies (11, 14, 20) ); , FFQ v. WDR (three studies (16, 27, 33) ); , 24 HR v. DH (one study (39) ); , YAQ v. 24 HR (one study (29) ).
BM (35) . Some articles applied more than one instrument as the reference methods, also employing the use of BM (23) . The number of repeated 24 h recalls ranged from 1 to 14 administration days. Dietary records varying in the number of recording days (from 1 to 14 d) were used as the reference method in a total of seven studies. Fig. 3 presents the comparison of different dietary assessment methods in children by vitamins and minerals. In this figure, when the 24HR was used as the reference method, it seemed to obtain better correlations for several micronutrients. However, only five studies were included for measuring Ca intake, for which FFQ were validated against 24HR, presenting an acceptable correlation.
Additionally, when FFQ were validated utilising WDR and EDR as the reference methods, only the correlation for Ca presented an acceptable value (r 0·50). Similar correlations were observed when the validity of Ca intake methods using FFQ (FFQ and YAQ) was assessed by comparing them with Ca intake estimated by 24 HR (r 0·48 and r 0·49, respectively). The analysis for Ca was conducted as it met the minimum of having data from at least three studies. However, for the rest of the micronutrients, there were insufficient data to conduct a comparative analysis ( Table 5 ).
Adolescents
For the present paper, the adolescent age group included children aged 13 -18 years. Of the thirty-two articles included in the present review, ten showed data on validation of methods used to assess micronutrient intake in adolescents (10,11,14,16,20,27 -29,33,39) . Eight different FFQ (11,14,16,20, 27 -29,33,39) had been validated (of which one was the YAQ) (29) , and 24 h recalls had been validated in two studies (10, 39) . Some articles presented validation of more than one instrument, of which one study also validated a food checklist and a semi-weighed method (10) . After evaluating the quality of these studies, the quality scores obtained ranged from 2·5 to 5. Seven studies were classified into group 1 with a reference method that reflected short-term intake, in which four studies used 24HR (11, 14, 20, 29) , two studies applied WDR (10, 27) and another study administered a DH (39) . In addition, two studies were classified into group 2 with a reference method that reflected long-term intake, in which WDR were used as the reference method (16, 33) and finally, one study used BM (28) . The number of repeated 24 h recalls ranged from 1 to 3. Different FFQ were validated for which wide variations in the number of food items were observed (10-190 items) . Dietary records varying in the number of Fig. 4 . Validation of FFQ studies that assess micronutrient intake in infants (1 -23 months) and preschool children (2 -5 years) using as the reference method: short-term or long-term dietary instruments or biomarkers. Correlations: poor (, 0·30), acceptable (0·30 -0·50), good (0·51 -0·70) and very good (. 0·70). Three or more studies: sodium, vitamins B 12 , E, C, D, B 6 , zinc, iron, magnesium, potassium, calcium, riboflavin, thiamin, niacin. B, Short-term intake (, 7 d); , long-term intake ($ 7 d); o, biomarkers.
recording days (from 1 to 7 d) were used as the reference method in a total of four studies.
Comparison of different dietary assessment methods was limited in the adolescent group, due to the fact that there was an insufficient number of studies for each micronutrient that could provide conclusive results ( Fig. 3) . A good correlation (r 0·58) was observed, when FFQ were validated applying WDR as the reference method only for Ca. Additionally, when FFQ were validated considering 24HR as the reference method, the correlation for Ca presented an acceptable correlation (r 0·50). Similar correlations were observed when the validity of Ca intake using the FFQ (including the YAQ) was assessed by comparing them with Ca intake using the 24HR (r 0·52). There were not enough data to conduct an analysis for the rest of the micronutrients in this population group (Table 5 ). Fig. 5 shows only FFQ validation studies that assessed micronutrient intake in children and adolescents, using a short-term (11,13,14,20,25 -27,29) or a long-term (16,23,31 -33,38) dietary assessment instrument or BM as the reference method (23, 28, 35) . In regards to the reference method that reflected short-term intake, good correlations were observed for thiamin, vitamins B 6 , C, E, riboflavin, Ca, Mg, Cu and folate. However, when the reference method used reflected long-term intake, good correlations were observed only for Mg and b-carotene. Additionally, when BM were used as the reference method, correlations having a very good classification were not observed. None of the micronutrients analysed showed correlations higher than 0·7 using short or long-term dietary assessment instruments or BM as the reference method. Nevertheless, the results presented in FFQ validation studies using short-term or long-term dietary instruments or BM as the reference methods based on correlations from less than three studies should be viewed with caution ( Fig. 5 ).
Biomarkers
A total of five publications analysed BM (17, 22, 23, 28, 35) , which were used to validate five FFQ. Some articles presented validation of more than one instrument, of which one study also validated estimated dietary records (17) and two studies validated WDR using BM as the reference method (23, 28) . The BM analysed were: serum markers of Fe status (ferritin, Hb) (17) , plasma levels of vitamins C, D, retinol, b-carotene and a-tocopherol (vitamin E) (22) , 24 h urine K (23) , serum folate and serum vitamin B 12 (28) and serum levels of vitamins C, A and E (35) . Fig. 5 . Validation of FFQ studies that assess micronutrient intake in children (6 -12 years) and adolescents (13-10 years) using short-term or long-term dietary instruments or biomarkers as the reference methods. Correlations: poor (, 0·30), acceptable (0·30 -0·50), good (0·51 -0·70) and very good (. 0·70). B, Short-term intake (, 7 d; three or more studies: vitamin C, iron, calcium, phosphorus); , long-term intake ($ 7 d; three or more studies: vitamin C, calcium, riboflavin, thiamin); o, biomarkers.
Discussion
In the present review, thirty-two studies (2,8 -39) are described. The aim of this analysis was to determine the reliability of methods used to measure the usual intake of vitamins and minerals in infants, children and adolescents and how these were validated. The different studies included in this review were classified according to which reference method was used, those reflecting short-term intake, long-term intake or BM. To rate the different studies, a quality score system was developed by the European micronutrient Recommendations Aligned network. A total score was calculated according to the weighted mean of the correlations that had been adjusted by the quality of the different validation studies, and all the methods were scored into the categories: poor, acceptable, good or very good. Measuring dietary intake in very young children is difficult because of the rapid changes in the food habits of toddlers, the need to rely on parental reporting and the questionable ability of parents to accurately report their child's diet when other caregivers are also involved in feeding the child (22) . Adolescents' eating habits are highly influenced by family patterns and habits, their peer group, as well as by their increasing concern with body image. Habits such as meal skipping (particularly breakfast), consuming high-energy foods that are poor in nutrients and the tendency, particularly among girls, to restrict their diet and to go on diets are part of the repertoire of adolescent eating behaviour (20) .
Infants
This group included infants aged 1-23 months. Evidence for the long-term effects of infant nutrition on later health has given impetus to the need for developing methods to assess the diets of infant populations (41) . In general, for this group, the daily non-human milk intake in the previous day or week was estimated from the average total volume of bottle-feeds consumed per day; for breast-fed infants, the usual feeding length and number of feeds per day were recorded. In Andersen's study (2) , the relative validity of a semi-quantitative FFQ (140-item semi-quantitative FFQ) used in 12-month-old infants was examined (with correlations ranging from 0·18 for vitamin D to 0·62 for Ca and Fe). This validation study indicated that the semi-quantitative FFQ used in infants overestimated the median intake of nutrients except for Ca intake. In a sample of fifty infants aged 6 months, Marriott et al. (8) compared the energy and nutrient intakes assessed by a newly developed, interviewer-administered, 34-item infant FFQ with intakes determined from 4 d WDR. Differences in intakes between methods were observed, and the agreement tended to be lower for breast-fed than for formula-fed infants. The correlation coefficients of this study compared favourably with other FFQ validation studies for young children. Reported correlation coefficients for energy and nutrients were 0·18-0·72 at 1 year in Andersen's study (2) , and 0·26-0·63 for 1-to 5-year-olds in Blum's study (24) . In the latter study, an 84-item FFQ was used, with correlations ranging from 0·31 for Zn to 0·63 for Mg. Marriott et al. (9) also evaluated the relative validity of a 76-item FFQ for assessing micronutrient intakes in 12-month-old infants. They reported smaller correlations in infants aged 12 months (with correlations ranging from 0·24 for vitamin B 12 to 0·75 for Na) than in the infants aged 6 months (with correlations ranging from 0·55 for Cu to 0·89 for thiamin). Marshall et al. (21) compared nutrient intakes from beverages in a sample of 6-month-old infants using a 7-item FFQ and obtained coefficients for Ca and vitamin D intakes of 0·64 and 0·80, respectively. Similar results were shown for Marriott et al. (8) for these nutrients (Ca, r 0·78 and vitamin D, r ¼ 0·83). The ability of the FFQ to accurately rank intakes of energy and all the nutrients in infants is enhanced by the quality and detail of the information collected, which includes information about brands and types of baby foods and milks used (8) . In Williams & Innis (17) , parents of 148 infants aged 8-26 months completed a 191-item FFQ and 3 d EDR for assessing Fe nutrition in infants (with correlations ranging from 0·64 for vitamin C and Fe to 0·75 for Ca). These results showed relative validity of a FFQ in comparison with 3 d EDR for estimating Fe intakes in a group of infants and suggested that while dietary assessments can serve as useful research tools to assess nutrient intakes in 8-to 26-month-old infants, they have limited value as tools to identify infants at risk of Fe deficiency.
Preschool children
In this review, the preschool children group included children aged 2-5 years. Many factors contribute to making intake assessment in this age group difficult: preschool children eat small amounts of food at frequent intervals, they are not able to complete questionnaires and their food habits and nutrient intakes may rapidly change (42, 43) . In Huybrechts et al. (15) , the relative validity of a 47-item FFQ for measuring preschool children's usual Ca intake was assessed using parents or guardians as a proxy, and EDR were used as the reference method. Based on the comparison of means, the FFQ underestimated the mean Ca intake measured by the EDR. These findings are in contrast to the findings of another study (26) , which reported overestimates of actual Ca intakes in young children (3 -6 years) using a 35-item FFQ. Andersen et al. (18) presented the relative validity of food and nutrient intakes estimated by the 125-item FFQ against intakes from 7 d WDR applied in the nation-wide survey among 2-year-old children in Norway. The correlations in this study were also lower than those observed by Blum et al. (24) However, the correlation coefficients for nutrient density values estimated from the two methods were much higher than those seen for absolute nutrient intakes, and for ten out of sixteen nutrients, the correlations were . 0·50. The average correlation (median r 0·52) for nutrient density was similar to that observed among 12-month-old Norwegian infants (median r 0·50) (2) . The agreement across quartiles between the two methods was on average (median) 36 %, which is similar to the results observed among 12-month-old infants (38 %) (2) . In Andersen's study (18) , agreement across quartiles increased when using nutrient density. Other authors studied 224 preschool children and obtained dietary data by interviewing the child's mother (37) . The present study was performed to determine the utility of the Willett semi-quantitative FFQ for assessing habitual diets of preschool children. Results reported associations between nutrient intakes estimated by the FFQ and 24 h recalls, with correlations (adjusted for within-person variability and non-differential measurement error) in the range of 0·20 -0·60 (37) . Blum et al. (24) demonstrated that past dietary intake of children aged 1-5 years could be measured reasonably well with an 84-item FFQ completed by child's parent or guardian. Correlation coefficients between the dietary intakes assessed by the two methods ranged from 0·26 for fibre to 0·63 for Mg. All but three nutrients (protein, dietary fibre and Zn) had correlations of 0·47 or higher. After adjusting for energy intake and withinperson variation, the average correlation was 0·52.
Children
This group included children aged 6-12 years. The food and nutrient intake of children is important not only for growth and development but also for present and future health, including the prevention of chronic diseases in adulthood (44, 45) . To succeed in nutrition monitoring and epidemiologic research among large groups of children, it is necessary to have a dietary assessment method that is both valid and functional with young age groups (12) . Almost all of the reviewed validity and reliability studies in children younger than age 9 included adult assistance in providing information on the child's intake. In general, the reviews concluded that children generally have difficulty in estimating portion sizes (46) . Räsänen (39) compared the 24 h recall method with the diet history method as used in a food consumption survey for children. The correlation coefficients between the values obtained by the 24 h recalls and the diet history method varied from 0·20 (vitamin A) to 0·50 (energy). The history method used in this study gave consistently higher mean values than the 24 h recalls. Lytle et al. (36) found correlations for nutrient intake between 0·45 and 0·79 when comparing observed and recalled food intake in 8-to 10-year-old children. These are within the same range or somewhat higher than results obtained in Lillegaard's study (12) , which evaluated intake of energy, macro-and micronutrients assessed from pre-coded food diaries and by using 4 d WDR as the reference method in 9-year-old Norwegians. The pre-coded food diary is scanable and is developed to simplify the work of the respondents as well as of the researcher. In Belgium, a self-administered computer dietary assessment program 'Young Adolescents Nutrition Assessment Computer' was developed, based on the concept of the 24HR. The Young Adolescents Nutrition Assessment Computer is a computer program designed for use with children and adolescents aged 11 years and over (47) . Vereecken et al. (47) assessed the relative validity of the computerised 24 h recall Young Adolescents Nutrition Assessment Computer comparing results with a 1 d EDR and 24 h recall; the Spearman's correlations obtained for the 24 h recall (ranging from 0·44 to 0·86) were comparable to those observed by Lytle et al. (36) between 24 h recalled and observed nutrient intake of third-grade children (ranging between 0·45 and 0·79). In the study of Van Horn et al. (48) , the correlations were slightly higher (0·64 -0·96) using electronic methods such as telephone recalls and tape-recorded dietary records. Bellù et al. (30) reported on the ability of a 116-item FFQ to estimate the mean nutrient intake at the population level for an Italian paediatric population (mean age ¼ 9·3 years) comparing results with a 24 h recall. Moderate concordance between the two methods was found. Similar results were presented in by Stein et al. (37) In another study, Bellù et al. (32) tested the validity for the assessment of individual nutrient intake by a 116-item FFQ for Northern Italian school children comparing results with 7 d EDR. In this study, the Pearson's correlation coefficients ranged between 0·30 and 0·58, and for some nutrients (vitamins A and B 6 ) the correlation was found to be low.
Adolescents
For the present paper, the adolescent age group included youth aged 13-18 years. Adolescents are a group whose eating habits are characterised by factors such as irregular meals, snacking and meal-skipping. These eating habits are not easily conducive to diet assessment by a prospective methodology (23) . Slater et al. (20) compared the 76-item FFQ developed for adolescents to data obtained from 24 h recalls, and similar values for energy, carbohydrates, total fat and Ca intake were observed, suggesting a high consistency in estimating these nutrients. However, there was a significant difference for seven remaining nutrients (protein, polyunsaturated fat, dietary fibre, cholesterol, retinol, vitamin C and Fe). Higher values (mean r 0·57) were observed with unadjusted correlations compared with results obtained by Rockett et al. (29) (mean r 0·39) and Field et al. (25) (0·27 for Ca, 0·25 for P, 0·20 for Fe, 0·19 for vitamin C). The YAQ is a youth-friendly FFQ that allows 9-to 18-year-old adolescents to report on their own diet (49) . Rockett et al. (29) evaluated the questionnaire's validity by comparing the nutrient scores of the YAQ with those from the average of three 24 h recalls. Similar mean nutrients were found by both the methods. Correlation coefficients between the mean energy-adjusted nutrients computed by the two methods ranged from 0·21 for Na to 0·58 for folate. After correction for within-person error, the average correlation coefficient was 0·54, similar to that found for adults (50) . In the validation study developed by Mølgaard et al. (27) , twentythree children aged 13-14 years filled in an 88-item FFQ designed to assess Ca, protein and P intakes and kept 3 d WDR. Spearman rank correlations between nutrient intake values from the FFQ and WDR were 0·56-0·62 (mean 0·60). Another study showed similar findings for Ca intake (r 0·54) (33) using 7 d WDR as the reference method.
Biomarkers
Williams & Innis (17) showed the validity of nutrient intake estimates using a 191-item FFQ that was assessed by comparing data with biochemical measures of Fe status in infants. These results presented weak correlations for assessment methods (acceptable classification for FFQ v. BM r 0·33 and poor classification for a 3 d EDR v. BM r 0·19). This is the only study presented in this review that analyses biochemical measures of Fe status in infants and possibly, the lower correlation coefficients between Fe intake and serum ferritin observed in this study, as compared to previous studies with older subjects, involve factors inherent to studies in infants but not in older children and adults (51) . Lietz et al. (23) reported on the correlation coefficient between urinary K and dietary intake from a 130-item FFQ (r 2 0·04) and from a 7 d WDR (r 0·78) in fifty children between 11 and 13 years. The latter correlation was higher than correlations reported in a previous study (52) .
Green et al. (28) validated a 116-item FFQ and a 3 d WDR by comparing nutrient intake estimates using these methods with serum folate and serum vitamin B 12 concentrations in 105 females aged 16 -19 years. Using serum folate concentration as the sole biochemical criterion, it appeared that the 3 d WDR was superior to the FFQ as a tool to predict folate intakes. The correlations between folate intakes and serum folate as determined by 3 d WDR (adjusted r 0·65) showed higher correlations than those determined by FFQ (r 0·48; supplement users were included in these analyses). Vitamin B 12 intake as determined by either of the dietary methods showed only a modest association with serum vitamin B 12 concentrations, when supplement users were included in the analyses (3 d WDR r 0·32; FFQ r 0·25). Another author (53) using a FFQ reported a correlation of r 0·60 between folate intakes and plasma folate concentrations and a correlation of r 0·35 between vitamin B 12 intakes and serum vitamin B 12 concentrations in a group of 139 adults aged 40 -83 years.
The correlations observed by Parrish et al. (22) compared the reported dietary intake in infants and preschool children using a 111-item FFQ with plasma concentrations of the micronutrient. The highest correlation between plasma concentrations and dietary intake as measured by the FFQ was for vitamin C (r 0·51), and the correlations were weak or absent for vitamin D, retinol and b-carotene. Byers et al. (35) administered a 111-item FFQ to ninety-seven parents of children aged 6-10 years to evaluate their children's usual dietary intake and compared results with children's serum levels of vitamins C, A and E. The correlations observed in this study between circulating levels of vitamin C (r 0·37) and vitamin E (r 0·32), and the parent's reports of their children's diets were similar to those observed in dietary validation studies conducted in adults (54) . However, it is important to keep in mind that the results presented in FFQ validation studies using BM as the reference method based on correlations from only one or two studies should be interpreted with caution (Figs. 4 and 5).
Conclusion
When comparing different validation methods in infants, the reviewed studies showed that the FFQ was the method used in all the studies to assess micronutrient intake in infants. Different FFQ were validated for which wide variations in the number of food items were observed (7 -191 items) . The ability of the FFQ to accurately rank intakes of energy and all the nutrients in infants is enhanced by the quality and detail of the information collected, which includes information about brands and types of baby foods and milks used (8) . The WDR used as the reference method for evaluating FFQ present better correlations for several micronutrients than other methods in this population group. However, we must emphasise that this result is probably due to the fact that 57 % of the studies analysed in infants used WDR as the reference method. Vitamin D and vitamin E intake analysed using FFQ v. WDR showed acceptable correlations, and good correlations were observed for vitamin C, thiamin, riboflavin, Ca and Fe. For the rest of the micronutrients, there were insufficient data to conduct an analysis (three or more studies were needed for each micronutrient).
In the preschool children cluster, different FFQ were validated for which wide variations in the number of food items were observed (7 -125 items).The FFQ was used as the method to assess micronutrient intake in 80 % of the studies in preschool children. Comparison of different dietary assessment methods was difficult in this group, as there were not enough studies to analyse for each micronutrient. Except for the measurement of Ca intake, acceptable correlations (r 0·50) were observed when FFQ were validated applying WDR and EDR as the reference methods. This age group typically eat more frequently, and since 50 % of the preschool children consume two meals outside of their homes, parents may not be able to accurately describe what was actually consumed (34) .
The results presented in the FFQ validation studies for infants and preschool children, using long-term dietary instruments or BM as the reference methods were based on only one or two correlation studies and as such, there were insufficient data to reach robust conclusions. In regards to the reference method that reflected short-term intake in the infants and preschool children group, good correlations were observed for niacin, thiamin, vitamins B 6 , D, C, E, riboflavin, Ca, K, Mg, Fe, and Zn (with mean weighted correlations ranging from 0·55 for vitamin E to 0·69 for niacin). For the analysis of these micronutrients, data from three or more studies were included (the study quality scores ranging from 2·5 to 5·5).
For the children group, 65 % of the reviewed studies used FFQ to assess micronutrient intake for which wide variations in the number of food items were observed (10-175 items). When comparing different validation methods in this group, only an acceptable correlation (r 0·50) was observed for measuring of Ca intake, when FFQ were validated applying WDR and EDR as the reference methods. Similar correlations were observed when the validity of Ca intake estimates using the FFQ (including YAQ) was assessed by comparing them with the Ca intake estimates using a 24HR (r 0·49). For the other micronutrients, there were insufficient data to compare.
Assessing the validation of different dietary assessment methods in adolescents was difficult as there were not enough studies to compare for each micronutrient. A good correlation (r 0·58) was observed when FFQ were validated applying WDR as the reference method only for Ca intake. Additionally, when FFQ were validated using a 24 HR as the reference method, correlations for Ca presented acceptable values (r 0·50). In the adolescent group, 80 % of the reviewed studies used FFQ to assess micronutrient intake for which wide variations in the number of food items were observed (10-190 items).
There were not enough data to contrast FFQ studies that assessed micronutrient intake in children and adolescents using long-term dietary instruments (except for thiamin, riboflavin, Ca and vitamin C intake that showed acceptable correlations) or BM as the reference methods. (Only one or two studies, thus being insufficient to reach strong conclusions). Regarding the reference method that reflected short-term intake in children and adolescents, good correlations were observed only for vitamin C (r 0·61) and Ca (r 0·51). In the analysis of these micronutrients, data from three or more studies were included (the study quality scores ranging from 2 to 4·5).
In the studies reviewed, FFQ comprised the dietary method that was most utilised to assess the micronutrient intake in these groups, in which it is of utmost importance to recognise methodological aspects such as food composition databases used for analysis, portion size assessment and the time periods between the two dietary assessment methods (23) . On the other hand, dietary assessment in children and adolescents using electronic methods for deriving self-reports, such as the tape-recorded food record or the computer dietary assessment program, may help improve compliance and frequency of record keeping in these age groups (48) .
The micronutrients analysed in this review using BM as the reference method were: vitamins A, C, D, E, and B 12 , retinol, b-carotene, folate and K. In general, the best correlations were observed when the validity of nutrient intake estimates using WDR was assessed by comparing them with micronutrient serum levels. Validation of FFQ studies that assess micronutrient intake in the infant and preschool children group using BM as the reference method presented good correlations only for vitamin C. Poor rankings (r , 0·3) were observed for retinol, b-carotene and K, and acceptable rankings were observed only for vitamin E and Fe. In the children and adolescent group, the validation of FFQ studies that assess micronutrient intake comparing them with biochemical measures of micronutrient status presented poor correlations for vitamins A and B 12 and acceptable correlations for folate, vitamins E and C. However, we must emphasise once more that the data presented in FFQ validation studies using BM as the reference method showed correlations from only one or two studies; as such, this information should be viewed with caution. Including supplement users generally improved the correlations between micronutrients intakes estimated by either of the dietary intake methods and their respective biochemical indices. Nutrient BM are appealing as a comparison method because measurement errors are uncorrelated with reporting errors (55) . However, given that blood concentrations may be a result of absorption and metabolism and not only reflecting intake, nutrient BM may not always be an appropriate method of comparison (22) .
